This paper considers how growth regressions should incorporate dualism and structural change. If there is a differential across sectors in the marginal product of labour, changes in the structure of employment can raise aggregate total factor productivity. This paper develops empirical growth models that allow for this effect in a more flexible way than previous work. Estimates of the models imply sizeable marginal product differentials, and reveal that structural change can explain a significant fraction of the international variation in TFP growth.
Introduction
This paper takes as its starting point three related observations. First, development economists in the 1960s and 1970s frequently discussed the role of structural change in economic growth. Second, models of dual labour markets are a central part of modern development economics. Third, these twin aspects of development, dualism and structural change, have been largely absent from recent empirical research on growth and development. 1 In this paper, we consider how growth regressions should be estimated in the presence of one form of dualism, namely a differential in the marginal product of labor across sectors. We focus on the case where the marginal product of labor is lower in agriculture than in the rest of the economy (industry and services). In this case, moving workers out of the agricultural sector will raise aggregate total factor productivity (TFP) and changes in sectoral structure will be one source of productivity growth. We investigate whether this effect can explain international differences in TFP growth, differences that are currently not well understood.
The exercise is interesting for several other reasons. First, we point out some of the empirical implications of a two sector model of a small open economy. This allows us to examine the conditions under which standard one sector models, of the type usually adopted in the empirical growth literature, will be good approximations. Perhaps not surprisingly, the conditions are restrictive. Second, we show how conventional growth regressions can be augmented to allow for structural change. Third, our new framework goes beyond some previous work on this topic, in that we allow the size of the wage differential between agriculture and non-agriculture to vary across countries.
The precise way we implement the variation is new to this paper. We describe a set of assumptions under which the relationship between growth and the extent of structural change may be convex rather than linear. This result may appear surprising, so we sketch the intuition here. If wages are roughly equal to marginal products, the growth bonus associated with structural change is increasing in the size of the intersectoral wage differential. If we had to guess which countries have the largest wage differential, we might well guess those countries in which the observed extent of structural change is most rapid, reflecting large private gains from switching sectors. (Conversely, in countries where structural change is slow, such as those of USA and Western Europe, we might expect wage differentials to have been virtually eliminated.) But this implies that the growth impact of a given extent of structural change will be greatest in those countries experiencing more rapid structural change, because these are also the countries, at least on average, in which the intersectoral differential is greatest.
At the aggregate level, this translates into a convex relationship between structural change and growth, as we describe more formally below. In our empirical work, we are able to show that there is some evidence for this convex relationship in the data, implying systematic variation in the marginal product differential across countries. Given the structure imposed by our model, and using the extent of structural change observed in each country in our data set, our estimates allow us to measure the extent of the variation across countries in the intersectoral differential.
The regression estimates suggest that the differentials are sizeable for some countries (not all) and are similar in magnitude to the rural-urban wage gaps sometimes observed in microeconomic data. The empirical estimates are therefore consistent with a significant extent of dualism, perhaps especially for the 1960s and 1970s. We also show that, given this dualism, structural change terms alone can explain around a fifth of the international variation in TFP growth rates. Regressions for TFP growth that include only structural change terms, initial TFP and regional dummies can explain around half the international variation in TFP growth.
Various objections to this exercise can easily be raised, and we will discuss many of them later. For those who are already sceptical about a cross-country approach, it is worth considering a possible analogy with the empirical literature on education and growth. It is well known that studies of this relationship at the aggregate level are faced by a number of problems, and that for most purposes it is better to estimate the returns to education more directly, using microeconomic data. On the other hand, it is hard to draw conclusions about the direct impact of education on productivity without estimating production relationships at some level of aggregation (whether firm, industry, region or country).
Similarly, there is microeconomic evidence on rural-urban wage differentials for a number of countries, but this evidence does not tell us directly about the extent of differentials in the marginal product of labor, nor does it address their aggregate impact. Workers may not receive their marginal product for a wide variety of reasons, and the microeconomic evidence is potentially misleading in other regards. If we want to investigate the possible extent of marginal product differentials, or quantify the associated effect of structural change on growth, then cross-country growth regressions are certainly worth exploring as a complementary approach. That is the view we take in this paper.
We should emphasize that the paper does not provide a complete account of the role of structural change, nor does it seek to quantify the overall effect of structural change on growth. Changes in the sectoral allocation of labour allow growth to take place. In their absence, disequilibrium across sectors would steadily increase, and output would be lower than in the case of smooth adjustment. The present paper does not seek to assess this "permissive" role of structural change in growth, despite its obvious importance.
One reason for this omission is that the broader question may not be well posed. Structural change is an endogenous process, driven by sectoral productivity growth, income elasticities of demand, and changes in factor endowments and world prices, among other forces. Given that sectoral structure is clearly a general equilibrium outcome, to ask the question "What is the growth effect of structural change?" is a little too much like asking "What is the growth effect of equilibrium prices and quantities?". We therefore restrict attention to a narrower and more well-defined question, namely the direct effect of structural change on aggregate TFP growth in economies that are characterized by sizeable differentials in the marginal product of labor.
The structure of the paper is as follows. Section 2 relates our work to the existing literature. Section 3 describes a theoretical framework for a two sector economy, and discusses its implications for the interpretation of more conventional models. Section 4 presents some stylized facts about structural change. Sections 5 and 6 report estimates of the models and some robustness tests. Section 8? Finally, section 9 rounds off with a summary and conclusions.
Relation to existing literature
The central idea in this paper is that the marginal value product of labor may be higher in urban non-agriculture than in rural agriculture. 2 The idea of a marginal product differential has appeared in many guises, in a long tradition of work on structural change and growth. This earlier literature is now rarely cited, even in the recent burst of empirical growth studies that followed Barro (1991) and Mankiw, Romer and Weil (1992) (MRW from now on). 2 The paper does not address the consequences of more general models of dualism for growth regressions. In this respect, the focus of the paper is closer to models of "modern sector dualism" (or an imperfect labour market) rather than "traditional sector dualism" (where the wage exceeds the marginal product in agriculture, or the agricultural wage is independent of labour demand in the modern sector). This classification of dual economy models is due to Bertrand and Squire (1980) . One strand of research has been to extend growth accounting to incorporate wage differentials. Among the best known contributions is the work by Denison (1967 Denison ( , 1974 ; related ideas also appeared in Kuznets (1961) . 3 The main drawback of Denison's approach, and its extension in Temple (2001) , is that the magnitude of the intersectoral wage differential is essentially based on an educated guess of one form or another.
Related methods for quantifying the effect of resource reallocation have been used by Syrquin (1984 Syrquin ( , 1986 ) and Pack (1992). Syrquin's method uses data on sectoral outputs and inputs and the capital share to derive what he calls the net allocation effect. This effect captures a significant fraction of the contribution to TFP growth made by changes in sectoral shares when social marginal products differ across sectors, and so provides a convenient lower bound on the importance of reallocation. There are also some significant disadvantages, however. The most important drawback is that the Syrquin procedure requires data, particularly on inputs, that are not always available for developing countries.
The same ideas behind the growth accounting approach can be used to derive specifications for cross-country growth regressions. This alternative method, which removes the need for guesswork at the expense of introducing many other problems, is based on including a structural change term as one of the explanatory variables. This was the approach taken in a pioneering study by Robinson (1971) , who derived and estimated a growth regression specification that allowed marginal product differentials across sectors. As in the growth accounting literature, if the marginal product of labour differs across sectors, a growth regression should include an extra term based on the rate of change of a sectoral employment share.
Robinson's work was in some ways ahead of its time, but related specifications allowing for marginal product differentials (and sometimes externalities) have often been used, especially since the contributions of Feder (1983 Feder ( , 1986 . His specification includes an explanatory variable measuring the rate of change of the labour force in one sector, and the coefficient on this variable reflects the size of the intersectoral marginal product differential. The model is derived under some restrictive assumptions, however.
In more recent work, the potential importance of structural change has been highlighted in papers by Bencivenga and Smith (1997) , Caselli and Coleman (2001) , Echevarria (1997) , Kongsamut et al. (2001) , Laitner (2000) , Lucas (2003) and Robertson (1999) . The focus of most of these papers is predominantly theoretical. Echevarria (1997) presents some evidence on changes in 3 The general form of approach is briefly discussed in Barro (1999). 5 sectoral structure, but does not explore the implications of marginal product differentials.
Among the recent empirical literature on growth in developing countries, the main papers to incorporate differentials are Dowrick and Gemmell (1991) , Landon-Lane and Robertson (2003) and two papers by Poirson (2000 Poirson ( , 2001 . 4 As in our work, these papers sometimes introduce greater flexibility in the empirical framework for analyzing labour reallocation. The present paper differs from their work in explicitly linking sectoral shifts to short-run migration disequilibrium, and in implementing a wide variety of robustness tests.
Our contribution is more distantly related to a long history of theoretical work on aggregation. The aggregation result that most macroeconomists are familiar with is that, if all firms use the same production technology, face the same factor prices, and use inputs efficiently, then the aggregate production function will just be a scaled-up version of the firm-level production functions. The simplicity of this 'representative firm' approach is appealing, but in a two sector world, where production relations differ, the task of aggregation is far more complicated. This is so even if we assume that capital and labor are homogeneous, and factor returns equalized across sectors. If these inputs are efficiently allocated, to maximize total output, the values of maximized output at given combinations of capital and labor will trace out a surface that can be thought of as an aggregate production function. 5 Note, however, that this function may not be simple in form. For example, it is easy to show that if the two sectors each have CobbDouglas production technologies, and if these technologies differ across the two sectors, the aggregate production function cannot be Cobb-Douglas.
Moreover, since in this paper we assume a marginal product differential between sectors, aggregation is even less straightforward, because the allocation of factors across sectors is no longer efficient. One contribution of the next section will be to reaffirm that a two sector economy is unlikely to be well approximated by an aggregate production function, except under highly restrictive assumptions. 6 4 Another related paper is Paci and Pigliaru (1999) . They examine growth in the presence of marginal product differentials, but unlike the present paper, their focus is on convergence across European regions. 5 The efficient allocation of factors is crucial here, as pointed out by May (1946) and Pu (1946) . 6 For general treatments of aggregation problems, see Blackorby and Schworm (1988) and Fisher (1992) . 6 
An empirical framework
This section first describes a measure of the extent of structural change, and then develops an empirical framework that reveals the connection between TFP growth and structural change. We also show how growth regressions can be modified to take this effect into account.
As discussed previously, the key insight is that countries which exhibit relatively rapid structural change are also likely to be the countries in which the wage gap is relatively large. This section will show how to make this idea more precise. It leads to a framework for analysing reallocation effects that is more flexible than previous contributions, including those of Feder (1983) and Robinson (1971) . It implies an equation for growth that includes not one but two structural change terms: one that captures the growth impact of structural change given an equilibrium wage gap, and one that captures the growth impact of adjustment towards this long-run migration equilibrium.
First of all, in order to develop the idea that the intersectoral wage differential is likely to be highest when the observed pace of structural change is most rapid, we need a measure of the rapidity of structural change. We adopt the following measure: p = − ∆a a where a is the share of agricultural employment in total employment. We call this the 'migration propensity' and it can be given a simple interpretation as the proportion of agricultural workers who migrate in a given period. (This interpretation assumes that, in the absence of migration, the labor forces in the two sectors would grow at the same rate.)
Our empirical framework will assume that this propensity to migrate depends on the ratio of wages in the two sectors. We assume that migration ceases when the intersectoral wage ratio falls to a level denoted by k, initially assumed to be the same across countries. Hence in a long-run migration equilibrium, wages in the two sectors are related as follows:
where k ≥ 1. 7 The equilibrium differential could be thought of as reflecting, say, urban disamenities, or other recurring costs of movement to the urban sector. Some of our later empirical work will assume that there is no differential in the long-run migration equilibrium (that is, k = 1).
We now require an equation that relates the propensity to migrate to the wage ratio. A key assumption is that the strength of this response is roughly the same across countries. Under this assumption, we can use the observed rate of structural change to infer the magnitude of the wage differential, and hence the growth impact of a given employment shift. To implement this empirically, we will restrict attention to models where workers base their migration decisions only on the current ratio of wages in the two sectors. 8 The particular functional form we choose is:
where the parameter ψ captures the speed of adjustment to the long-run equilibrium, initially assumed to be constant across countries. One possible interpretation of (1) is that it reflects urban job search by all agricultural workers (or their relatives) where p is the probability of a successful match with an urban firm, and is increasing in the intensity of search, which in turn is increasing in the intersectoral wage ratio.
This functional form allows the derivation of a model which is easy to interpret and can be estimated by least squares. To see this, we start by using (1) to derive an equation for the modern sector wage in terms of the agricultural wage and p, k and ψ. Start by noting that:
and so we have:
where the second term is zero in a long-run migration equilibrium (when p = 0). Hence the specification captures the intuition referred to earlier. Under the assumption that the speed of adjustment (ψ) and the equilibrium differential (k) are similar across economies, we can infer the extent of the current wage ratio (w m /w a ) using information on the observed pace of structural change, as measured by p.
We will now investigate the empirical implications of equation (2). We consider a simple model of a small open economy, essentially a general equilibrium model of production with two sectors and two factors, as in the 2 x 2 model of textbook trade theory. Here the two sectors are rural agriculture and an urban non-agricultural sector. The output of both sectors can be traded on world markets, but the economy is closed to international capital flows. The agricultural good is the numeraire. Our assumptions about trade imply that world prices tie down the relative price of the modern sector good, which is fixed at p. Total output is given by
where Y a and Y m are outputs in agriculture and non-agriculture respectively. Output in each sector is produced by capital and labour. The production functions in the two sectors have constant returns to scale and are given by:
We assume that workers are paid their marginal products, and from now on the term 'wage gap' will be used as shorthand for a marginal product differential. Capital also receives its marginal product in both sectors, and can move freely so that any difference in rental rates is immediately eliminated. We have:
We denote the aggregate labor share by η and the capital share by 1 − η = rK/Y . It will also be useful to define a variable φ = w a L/Y . The share of agricultural output in total output is denoted by s = Y a /Y .
Our results are extensions to growth accounting decompositions, and these are easiest to develop in continuous time. Growth in aggregate output, using a Divisia quantity index, is equal to:
The appendix shows that our assumptions lead to the following equation for output growth:
whereŻ/Z is growth in aggregate total factor productivity and is given by:
The expression for output growth should be familiar. As (7) shows, output growth can be decomposed into TFP growth, and a weighted average of input growth rates, where the weights are equal to the aggregate factor shares. This simplicity is slightly deceptive, however. Given the two sector structure of our model, the aggregate factor shares will tend to vary across countries and over time, even if the sectoral production functions are both Cobb-Douglas. This is because the aggregate factor shares will be weighted averages of the sectoral factor shares, with weights equal to the shares of each sector in total value added.
Expression (8) is at the heart of our later empirical work. First of all, consider what happens if there is no wage differential in equilibrium (k = 1) and the adjustment response to disequilibrium is instantaneous (ψ → ∞). Then TFP growth is a weighted average of TFP growth in the two sectors, where the weights are equal to the shares of the sectors in total value added. That is,
This is an interesting result, because some empirical growth research has essentially considered TFP to be constant across countries. The most famous contribution is that of MRW, who justify common TFP growth rates on the grounds that technologies can be transferred across national borders. In a two sector world, this argument no longer goes through, except in three special cases. Aggregate TFP growth will be the same across countries if (and only if): Case 1. TFP growth is the same in both sectors and the same across countries.
Case 2. TFP growth in agriculture is the same across countries, and TFP growth in non-agriculture is the same across countries, and sectoral structure (s) is the same across countries.
Case 3. TFP growth rates and sectoral structure are different across countries, but co-vary in such a way that the weighted average of sectoral TFP growth rates is the same across countries.
Of these cases, the third would be a remarkable coincidence; case 2 requires an assumption about sectoral structure that is contradicted by the data; and case 1 also looks restrictive. This analysis suggests that aggregate TFP growth is unlikely to be the same across countries even when technology can be costlessly transferred across national borders. 9 We now consider the effect of structural change on TFP growth, in the presence of marginal product differentials. The last two terms of (8) illustrate the TFP 'growth bonus' that is associated with reallocating labour from one sector to another where it has higher marginal productivity. First of all, consider what happens if the adjustment response to disequilibrium is instantaneous (ψ → ∞). Then the fourth term in (8) disappears: the wage ratio is always equal to k, by assumption, and the third term captures the TFP effect of labour reallocation for a wage ratio of this magnitude, assumed constant across countries. This effect is essentially that examined by Kuznets (1961) and Denison (1967) .
Alternatively, if the adjustment response is less than instantaneous, both terms play a role. Since the migration propensity p is related to the extent of structural change as measured byṁ/m, equation (8) captures the convex relationship between growth and structural change that was sketched in the introduction to the paper. This specification has a major advantage compared to previous work, because the wage differential is implicitly allowed to vary across countries in the manner described by equation (2) .
In empirical work, the two structural change terms are likely to be highly correlated, however. For this reason, our empirical work will often use restricted models, where we drop one of the two terms and examine the effect of the other. From a theoretical point of view, the first option is to assume that adjustment to disequilibrium is instantaneous, so that the disequilibrium term vanishes. The second option is to assume that there is no wage differential in equilibrium, so that k = 1 and the first structural change term vanishes. We will experiment with both specifications in the empirical work that follows.
Our goal will be to estimate the extent and aggregate consequences of marginal product differentials using equations (7) and (8) . In principle, we could measure TFP growth for each country using country-specific factor shares, and then regress these TFP growth rates on the structural change terms. Unfortunately, it is difficult to measure aggregate factor shares in developing countries, especially given the problems raised by self-employment and unincorporated enterprise (Gollin 2002) . For this reason, and also for simplicity and transparency, one of our empirical strategies is simply to estimate equations based on (8) us-ing the TFP growth rates previously calculated by Klenow and Rodriguez-Clare (1997) which assume common factor shares across countries.
One regression specification we use is therefore:
where the structural change terms (the explanatory variables) are
where m is the share of non-agricultural employment in total employment. In using these terms empirically, we will use the initial employment share a 60 as the value for a in the above variable definitions.
This specification provides a direct test of whether the structural change terms explain variation in aggregate TFP growth across countries, but this involves some approximations. The weighted average of sectoral TFP growth rates indicated by (8) is assumed to be constant across countries. We can relax this slightly by using regional dummies, but this still requires the weighted average to be constant within geographic regions. Based on (8) one solution would be to introduce the output or employment share of agriculture into the regressions, and we also experiment with this approach in our later empirical work. A second approximation, which cannot be easily relaxed, is that even when the wage ratio is allowed to differ across countries (via DISEQ) it must be assumed constant over time. This should be a reasonable approximation provided that adjustment to the long-run migration equilibrium is slow.
The regression specification (9) is simple and easy to implement. We also use an alternative strategy that has a much less direct connection to the theory, but is potentially informative. One implication of the two sector model is that cross-country growth regressions should be modified to take into account the variation in TFP growth across countries, including the component that is due to varying rates of structural change in the presence of wage differentials. To analyse this in more detail, we take the regression models estimated by MRW and extend them to include structural change terms.
This approach has a number of strengths. First of all, unlike measuring TFP growth by accounting methods, it does not require capital stock data. This is a major advantage given that constructing reliable measures of the capital stock for developing countries is a difficult task (Pritchett 2000) . Secondly, by using this approach, we can investigate the extent to which structural change terms raise the explanatory power of some well-known empirical models. Thirdly, we can see whether the introduction of structural change terms modifies earlier conclusions in the empirical growth literature.
As usual in empirical growth research, these strengths are only obtained at the expense of significant disadvantages, and in this case some very restrictive approximations. To see this, note that the theoretical derivation leading to the MRW growth regressions is developed for a one sector model with a CobbDouglas production function:
where the notation is standard. The MRW derivation leads to a model in which the change in log output per capita (or per worker) between periods 0 and t is given by
where A(0) is the initial level of labor-augmenting efficiency, g is the growth rate of efficiency A, θ is a parameter related to the convergence rate, X is a vector of explanatory variables implied by the model, and γ is a vector of slope coefficients related to the underlying technology parameters α and β.
One of the maintained assumptions of MRW is that g is constant across countries. Given the Cobb-Douglas production technology, TFP growth is equal to g times the exponent on the efficiency index, which here is 1 − α − β. In the presence of wage differentials, TFP growth will be a function of structural change terms, so our extension of MRW looks like this:
We will use this specification in much of the empirical work that follows, but it is not without problems. The MRW approach does provide a way to estimate TFP growth without needing capital stock data, but this estimate relies on the Cobb-Douglas production function, the one sector structure of the model, and the simple steady-state solution to which it gives rise. This shows that (10) is a hybrid of the Solow model and a two sector framework of the kind sketched above. Although this is potentially unsatisfactory, it reflects a long-standing difficulty in deriving an empirical framework fully consistent with a two sector model. In such models, the existence of an aggregate Cobb-Douglas production function and/or a steady-state can only be established under highly restrictive conditions.
The necessary approximations go further. One of the explanatory variables in the MRW regressions is log(n + g + δ) where n is population or labour force growth, δ is depreciation and g + δ is typically assumed to equal 0.05. Our model, in implying that g varies across countries, weakens the case for treating g +δ in this way. In principle, one solution would be to substitute MGROW T H and DISEQ into the log(n + g + δ) term and estimate the model by non-linear least squares, but such a model is likely to be poorly identified. An alternative response is to argue that the variation in g is likely to be modest in relation to the international variation in population growth (n).
Despite some restrictive assumptions, we think it is interesting to see what happens when structural change terms are added to the standard MRW specification. We will see that allowing for structural change does raise the explanatory power of these regressions quite substantially. Importantly, the main results in our later empirical work are largely independent of whether we use the growth regression (10) or a regression with TFP growth as the dependent variable, as in (9) .
We call the model that uses MGROW T H and DISEQ, Model 1. To be implemented empirically, this model requires that φ = w a L/Y is approximately constant across countries. We can relax this assumption, at the expense of assuming Cobb-Douglas technology in agriculture. If labour is paid its marginal product, then we have:
Using the same notation as before we can rewrite this as:
Hence we have the following relationship:
This suggests using the alternative set of explanatory variables:
These can be substituted for MGROW T H and DISEQ in the earlier regression specifications, and φ is replaced by µ in the corresponding slope coefficients. Hence the assumption that φ is the same across countries is replaced by an assumption that all countries have the same Cobb-Douglas technologies in agriculture (up to the productivity index). When we use MGROW T H2 and DISEQ2, we call this Model 2, and we will report results for both types of model.
Dualism and structural change: some evidence
This section describes the patterns of structural change observed in six regions of the world since 1960. One clear finding is that structural change has been substantial over the time period usually addressed by growth regressions. We will also show that the data are potentially consistent with the presence of significant wage differentials across sectors.
First of all, Table 1 It is clear from Table 1 that most regions of the developing world have seen a substantial shift out of agriculture over both 1960-80 and 1980-96. Based on the absolute change in the employment share, the shift out of agriculture appears to have been least pronounced in South Asia in 1960-80 and in sub-Saharan Africa in 1980-96. Alternatively, we could look at structural change in terms of the proportionate growth in non-agricultural employment. For 1960-80, this has been greatest in sub-Saharan Africa, rising from 12% of employment in 1960 to 24% in 1980. For 1980-96, it has been greatest in South Asia, rising from 30% to 40%. Table 1 also reports a median figure for a measure of relative labor productivity in the two sectors, RLP. This is the ratio of the average product of labor in the two sectors as given by
It is clear from Table 1 that average labor productivity is substantially higher outside agriculture, a finding consistent with previous work (as in Kuznets 1971 , Chenery and Syrquin 1975 and Gollin et al. 2000 .
Differences in average products of labor across sectors are sometimes taken as evidence of dualism. There are some important dangers here. It is likely that urban labor is more skilled on average, and possible that in poorer countries a substantial fraction of agricultural output is unmeasured in the national accounts. Schmitt (1989) points out the dangers of interpreting measures like RLP given that some agricultural labor is allocated to non-farm activities. For all these reasons, it seems likely that RLP overstates the relative productivity of workers in non-agriculture.
More fundamentally, differences in average products will usually be a feature of an efficient allocation, since output is maximized by equating marginal products rather than average products. To illustrate, the simplest way of placing an explicit structure on the relation between the marginal and average products is to assume that technologies in the two sectors are both constant-returns Cobb-Douglas, but with different exponents on capital and labor:
Then the ratio of marginal value products is given by
If we make the usual (sometimes incorrect) assumption that the non-agricultural sector is more capital-intensive (θ > α) then it is possible that the marginal products in the two sectors are equal even when RLP is greater than one, as in Table 1 . Data on average product differentials cannot establish the existence of dualism in the absence of additional evidence or assumptions. 10 Another interesting aspect of Table 1 is that, for all the regions apart from South Asia, the RLP measure declines between 1960 and 1996. Based on earlier patterns, Chenery and Syrquin (1975, p. 53) argued that productivity in industry and services rises relative to that in agriculture in the early stages of development, before ultimately declining. In contrast, the Table 1 figures suggest that the relative productivity of agriculture improves even at low levels of development. This could be seen as tentative support for the idea that there is a marginal product differential across sectors which is gradually being corrected over time.
To consider the pace of structural change in more depth, we will use the propensity to migrate as defined in section 3. Table 2 shows the five countries with the most rapid structural change on this measure, and the five slowest. The general pattern is unsurprising: the five countries with high probabilities of migration include three that are well-known for fast growth (Japan, Korea and Singapore) while four of the five countries with a low propensity of migration are located in sub-Saharan Africa. Note that this calls into question our earlier assumption that the speed of adjustment is similar across countries. On the evidence presented thus far, sub-Saharan African countries appear to be characterized by both a large marginal product differential and a slow rate of migration. Our empirical work will sometimes use a more flexible specification in which the structural change terms are interacted with a dummy for sub-Saharan Africa. This allows the equilibrium differential to be greater in Africa and/or the rate of adjustment to be slower.
Structural change and growth regressions
This section will examine whether structural change effects matter, in statistical and economic terms, in otherwise standard cross-section growth regressions. We start with a derivation of the specification of the growth regression, followed by a descriptive and graphical inspection of the data. We then present regression results for a variety of specifications, and examine their robustness. Our robustness checks include quantile regression and robust estimation.
An issue that deserves special mention is our treatment of human capital in our growth regressions. One of the main criticisms of the MRW regressions has been their empirical treatment of human capital (see for example Gemmell 1996, Klenow and Rodriguez-Clare 1997 and Pritchett 2001). The human capital measure in MRW is based on the percentage of the working-age population that is in secondary school, obtained by multiplying the secondary enrollment ratio by the fraction of the working-age population that is of school age. Consistent with MRW's theoretical derivation, this can be seen as a flow measure of the rate of investment in human capital.
It may be preferable to attempt direct measurement of the stock of human capital, however. This can be done using data on average years of schooling in the population aged 15 and older, as reported by Barro and Lee (2001) . The human capital stock data can be integrated into the MRW theoretical framework using equation (12) in MRW (see their p. 418) to derive a growth regression. This approach is relatively straightforward to adopt, although it does imply an alternative set of relationships between the slope coefficients and the underlying technology parameters. Our main sample of countries is based on MRW's original selection, which effectively excludes oil producers and those with small populations. In their work, MRW looked at the time period 1960-85. We can now look at a longer time period, 1960-96, using the latest release of the Penn World Table, version 6.1 (Heston et al. 2002) . We have chosen 1996 as an endpoint because this maximizes the availability of data for the original MRW set of countries. As well as considering 1960-96, we also work with two subperiods, 1960-80 and 1980-96, roughly corresponding to the eras before and after the debt crisis. Missing values in the Barro and Lee (2001) data set, or sometimes in PWT 6.1, force us to exclude a number of countries from the original MRW sample, so that we are left with a main sample of 76 developed and developing countries.
As a preliminary look at the data, Table 3 reports correlations in the 76-country sample between the variables considered in MRW and five new variables used in this paper. These are MGROW T H and MGROW T H2, as calculated for 1960-96; DISEQ and DISEQ2, the migration disequilibrium terms for the same period; and a 60 , the agricultural employment share in 1960. One of the main points to note is that, as one might expect, MGROW T H and DISEQ are highly correlated, as are MGROW T H2 and DISEQ2.
The first row of Table 3 shows that the correlations of growth (DY ) with the disequilibrium structural change terms (DISEQ and DISEQ2) are noticeably higher than the correlations with the equilibrium structural change terms (MGROW T H and MGROW T H2). This is preliminary support for our new specification, which implies that the relationship between growth and the extent of structural change should be convex, rather than linear. As we pointed out previously, this is because the growth impact of modern sector expansion is increasing in the intersectoral wage differential, and this wage differential may be greatest in precisely those countries where the observed structural change is most rapid.
There is some evidence for this convex relationship in the data, at least when we condition on the other explanatory variables. Figure 1 shows an addedvariable plot of growth over 1960-96, conditional on four explanatory variables (investment, human capital, population growth and initial income) and three regional dummies, against MGROW T H conditional on the same seven variables. We restrict the sample to 56 developing countries (see below for a definition of this sample and of the regional dummies) although the convexity is equally evident in an added-variable plot for the 76-country sample. The quadratic regression line added to the plot suggests there is some convexity in the growthstructural change relationship: countries with a larger expansion in the employment share of the modern sector do experience a larger growth impact of a given expansion. Our subsequent empirical work will investigate this relationship in more detail.
In our first set of regressions, we first estimate the standard MRW specification for 1960-85. We then compare their results to ones based on our alternative human capital measure; we supplement the specification with our structural change terms; and extend the period to 1996. As in MRW, the dependent variable is DY , the log difference of GDP per worker over the respective time period. Throughout the paper, we report standard errors that have been corrected for heteroscedasticity using the jack-knife method proposed by MacKinnon and White (1985) .
The results are presented in Table 4 . For comparison with the original MRW results, regression (1) shows their model re-estimated using the revised PWT 6.1 data, which excludes 7 of MRW's original sample of 98 countries. The results closely resemble their Table V findings but with a slightly diminished impact of the investment share and the population growth term. In regression (2), we estimate their model for our main sample of 76 countries, with the results virtually unchanged.
We now move over to the alternative MRW specification with human capital levels in regression (3). This replaces their human capital measure (SCHOOL) with average years of schooling in the working-age population, averaged over the time period. The coefficients are not directly comparable to the MRW specification, but continue to provide broad support for the effects implied by the augmented Solow model. The coefficients on investment, schooling, and initial GDP remain statistically significant, and all point in the right direction. This model implies an output-capital elasticity (α) of 0.55, an output-human capital elasticity (β) of 0.41, and a convergence rate of 0.012. These values are of the same order of magnitude as those obtained by MRW (their Table VI) although we find that the exponent on physical capital is higher, and the implied exponent on human capital lower than in their estimates.
Regression (4) supplements the model with the structural change terms,
MGROW T H and DISEQ. When the two structural change terms are entered at the same time, they are both positive but not statistically significant, although the disequilibrium term DISEQ is approaching significance at the 10% level. Nevertheless, there is strong evidence of joint significance, as revealed by the corresponding Wald test. Moreover, their inclusion raises the explanatory power of the MRW regression to an unusual extent: the R 2 rises from 0.43 to 0.59. We now move to the longer time period, 1960-96, as in regression (5). The results are similar. The parameter values implicit in the coefficient estimates, after adjusting for the altered length of the time period, are largely unchanged. DISEQ is again approaching significance, and the two structural change terms are jointly significant at the 1% level.
Given the high correlation between MGROW T H and DISEQ we also consider specifications in which one of these two variables is dropped, as in regressions (6) and (7). In either case, the remaining structural change term is now significant at the 1% level. The model based on DISEQ has slightly greater explanatory power. From now on, we will refer to models that drop either MGROW T H or DISEQ as 'restricted' models.
Finally, regressions (8) and (9) are based on our two subperiods, 1960-80 and 1980-96. In both subperiods, the two structural change terms are positive and jointly significant, although only at the 7% level in the later subperiod. In the two restricted models (not shown) each individual term is significant in both subperiods. That said, the magnitude of the coefficient estimates, their precision, and the increase in explanatory power due to the structural change terms are all lower in the later subperiod. A tentative explanation would be that dualism has declined in importance over the course of the 1980s and early 1990s.
In Table 5 we present further evidence. The results of the Model 2 specification, using MGROW T H2 and DISEQ2, are much the same as before, in both the unrestricted and restricted models; see regressions (10)- (12) . The same finding holds for the two subperiods (not shown). Also in this Table, we examine the robustness of these results. Our first step is to include four regional dummies, corresponding to sub-Saharan Africa, non-OECD East Asia and the Pacific, Latin America and the Caribbean, and the high-income OECD countries, using the World Bank (2002) classifications. As shown in regression (13), the disequilibrium term dominates in this specification, and is significant even when both structural change terms are included. Regressions (14) and (15) are the two restricted specifications, and in each case the structural change term is positive and significant at the 1% level. The results are similar for the two subperiods (not shown) with the qualification that the MGROW T H term is not significant in the 1980-96 subperiod.
Our next change to the specification is to add the initial agricultural employment share as an explanatory variable. 11 This allows us to check that the structural change terms are not simply a proxy for initial specialization in agriculture, which could affect growth for a wide variety of reasons. As shown in regression (16) , allowing for this effect does not change the results. Furthermore, in the two restricted models (not shown) the initial agricultural employment share is again insignificant at conventional levels, while each structural change term remains highly significant.
We now consider again Model 2, and its robustness to the inclusion of regional dummies in regressions (17)- (19) . The pattern of results is familiar: the structural change terms are jointly significant, and individually significant when one is excluded. The results are similar when including the initial agricultural employment share, or looking at the two subperiods. These and all subsequent regressions include our full set of regional dummies.
What can we conclude thus far? There is clear evidence for structural change effects associated with marginal product differentials. The two structural change terms almost always have the predicted signs, are jointly significant, and greatly increase the explanatory power of otherwise standard growth regressions. The new disequilibrium term performs especially well, and supports our case for allowing the marginal product differential to vary across countries. There is also tentative evidence that the extent of dualism, as reflected in marginal product differentials, has declined over time.
We now perform several robustness checks, partly to ensure that our results are not contaminated by outlying observations. First, we estimate the same models with the median regression estimator (MR), also known as the LAD estimator. This estimator minimizes the sum of the absolute residuals, and is therefore less sensitive to outliers than OLS. 12 Regressions (20)- (25) in Table  6 report the results for the full and restricted models of the two structural change specifications, using MR estimation. In regression (20) DISEQ remains significant. In regressions (20) and (23) the structural change terms are jointly significant, and in the corresponding restricted models, each structural change term is significant. Importantly, the point estimates of the coefficients are close 1 1 An alternative approach would be to add the output share as an explanatory variable. We prefer to use the employment share because it is available for a larger number of countries. 1 2 In particular, the estimator may be preferable to least squares when the regression errors have thick tails. If the errors are i.i.d. with a Laplace distribution, and independent of the covariates, then the MR estimate of a linear model is also the maximum likelihood estimate.
to those obtained from the OLS regressions.
Our next strategy is to adopt an alternative robust regression technique that drops or downweights outliers. The RR method we use starts by eliminating gross outliers for which Cook's distance measure is greater than one, and then iteratively downweights observations with large absolute residuals. 13 Inspection of the ensuing weights reveals that in both possible specifications, the Democratic Republic of Congo (formerly Zaire) and Botswana are assigned a zero weight, and are therefore dropped. These are the two countries in our sample with the lowest and highest growth rates over 1960-96. Countries that also receive weights of less than .5 (compared to a possible maximum of 1) are the Philippines, Nicaragua, Mauritius, and Zambia. As is clear from regressions (26) and (27) , our results are essentially unchanged on downweighting these observations. The main point to note is that the disequilibrium term is now significant even when both are entered together. In the restricted models (not shown) the results are again largely unchanged, with point estimates of the coefficients that are very close to the MR results.
Finally, we also exclude Singapore from the sample, a city-state that combines fast growth with by far the highest value of the propensity for migration (see Table 2 ). The OLS, MR and RR results are all robust to the exclusion of Singapore. One difference is that the disequilibrium term is no longer individually significant in the unrestricted model (regression 28). Nevertheless, the structural terms retain joint significance at the 1% level. Overall, we conclude that our main results are not simply driven by the presence of outliers.
We now consider whether the effects of structural change vary across regression quantiles. 14 Figure 2 plots the 19 quantile regression estimates for each 0.05 interval for the two restricted models. For either structural change term, the estimated effect is surprisingly uniform across the whole range of quantiles of the conditional growth distribution, and usually lies within the confidence interval of the OLS estimate (the exception here is the 90th percentile estimate for DISEQ). Although interpretation of this result depends on the forces underlying the error term in these regressions, our quantile regression estimates do rule out certain systematic forms of parameter heterogeneity.
Further robustness tests
Our empirical work thus far has used a large sample of countries, developed and developing, with very different sectoral structures and patterns of structural change. We now examine whether the structural change effects can be identified even in a sample restricted to developing countries. We also present results using estimates of TFP growth, as calculated by previous researchers, as our dependent variable.
To restrict attention to developing countries, we exclude the 20 countries in our main sample that are classified as high-income OECD countries in World Bank (2002) . This set of countries is broadly the same as the group of OECD members in the 1960s, and hence this second sample of 56 observations should correspond reasonably well to a set of countries that would have been considered less developed in the 1960s.
The results are shown in Table 7 . As shown in regressions (29)- (32) the findings are qualitatively the same as before. Note that the point estimates of the disequilibrium effect are slightly larger in this new developing country sample. Although we do not report the full set of results for the developing country sample, we find essentially the same results as before when using Model 2, including the initial agricultural employment share, or examining the two subperiods.
Earlier in the paper, we noted the possibility of slower adjustment in subSaharan Africa. Regression (33) includes interaction terms in which MGROW T H and DISEQ are interacted with the Africa dummy. These interaction terms are statistically insignificant, even jointly. The disequilibrium term DISEQ remains significant. These results are tentative evidence that a simple model may capture the growth effects of structural change adequately even for sub-Saharan Africa.
The remainder of Table 7 contains some robustness tests for the developing country sample, based on MR estimation. In regression (34), the two structural change terms are jointly significant only at the 13% level, but this weaker result seems to be driven by the presence of Singapore in the sample. In the two restricted models, regressions (35) and (36) the structural change terms are significant regardless of whether or not Singapore is included. In further results, not reported, we have confirmed that other findings are not sensitive to outliers and the use of robust estimation. This includes the results for the Model 2 specification based on MGROW T H2 and DISEQ2.
As found previously, the quantile regression estimates are remarkably uniform throughout the conditional growth distribution. In this developing country sample, the estimated effects of MGROW T H for the lowest three 5%-percentiles fall below the confidence interval of the OLS results, but all DISEQ estimates fall within the OLS confidence interval. Again, this provides support for the general form of our regression specification.
All these results are based on growth regressions, with all their attendant econometric problems. Some of the problems, such as the endogeneity of the investment variable, may cause the impact of structural change to be understated. Nevertheless, it is also possible that the regressions overstate the extent of structural change effects. For this reason, we now consider regressions in which the dependent variable is a measure of TFP growth constructed by previous researchers.
Estimates of the average TFP growth rate over 1960-85 can be calculated from data reported in Klenow and Rodriguez-Clare (1997), who derived their figures using growth accounting. This measure of TFP growth is used as the dependent variable in regressions (37)- (46) in Table 8 . 15 The sample is again based on the non-oil set of countries used by MRW, but limited by data availability.
The results tell a story very similar to that of the previous regressions. In the unrestricted model for the full sample, reported as regression (37), the two structural change terms MGROW T H and DISEQ are again jointly significant. When entered individually in the restricted models, as in regressions (38) and (39), each term is positive and significant at the 1% level. Results for the Model 2 specification, based on MGROW T H2 and DISEQ2, are very similar, as can be seen from regressions (40)- (42). Once again the two structural change terms are jointly significant. Moreover, the structural change terms can account for a considerable fraction of the international variation in TFP growth. If we use only MGROW T H2 and DISEQ2 as the independent variables, without any regional dummies, this simple regression yields an R 2 of 0.21.
To some extent, TFP growth is likely to reflect a process of technological catch-up. This implies that TFP growth could be related to the initial level of TFP. To control for this catch-up effect, we have included the log of initial TFP as an additional control variable, as in regressions (43) and (44) . The structural change effects remain jointly significant, and DISEQ2 is now significant even in the unrestricted specification. In the restricted models (not shown) each structural change term remains significant at the 1% level.
When the initial agricultural employment share is included as an additional control variable, it is rarely significant in these TFP growth regressions, and it never changes the results on the structural change terms. Our findings continue to be robust to the use of MR and robust regression, and to the exclusion of Singapore. Results are similar when the sample of countries is restricted to the developing country sample, as in regressions (45) and (46) . In the restricted models (not shown) each structural change term is again significant. As before, the results are robust to including interactions of the structural change terms with a dummy for sub-Saharan Africa.
Overall it is clear that the TFP growth results support our emphasis on marginal product differentials, and thus the importance of structural change. Note that our dependent variable in the Table 8 regressions was constructed using growth accounting. Our findings cannot simply be attributed to econometric problems associated with growth regressions, such as the endogeneity of either the investment ratio or the extent of schooling.
The implied parameter values
So far, we have shown that structural change terms have some explanatory power when included in either standard growth regressions or TFP growth regressions. In this section, we focus on the magnitude of the associated parameter estimates, rather than simply their precision. We calculate the parameter values implied by the OLS results, based on transformations of the regression coefficients, and also obtain an alternative set of parameter estimates more directly, by using non-linear least squares (NLS) estimation.
We are able to show that our regression estimates imply marginal product differentials of a similar magnitude to the rural-urban wage differentials sometimes observed in microeconomic data. Moreover, our disequilibrium specification allows the estimated differential to vary across countries, and we calculate and report the extent of this variation. This is not only of independent interest, but also acts as a check that our regression specification and parameter estimates are plausible.
First of all, we briefly discuss the microeconomic evidence on rural-urban wage differentials. This evidence is patchy, with reliable data available for only a small number of countries. The data in World Bank (1995, p. 76) suggest that the urban wage can easily be 30-100% higher than the rural wage for workers of similar skill levels. As we noted in the introduction, however, wages may depart from marginal products, and wage gaps are therefore only indirect evidence of the true extent of marginal product differentials. Our estimation of production relationships allows the extent of differentials to be inferred for a large number of countries, at the expense of some strong assumptions. 16 Using our theoretical model, and a small number of parameter assumptions, the coefficients in our regressions can be used to calculate the values of the parameters in the model. First of all, we focus on obtaining an estimate of k, the equilibrium wage differential, in the restricted model that assumes instantaneous adjustment and therefore excludes the disequilibrium term. We then look at the disequilibrium model, which sets k = 1 but allows for a slower speed of adjustment (finite ψ). Finally, we consider what happens when both structural change terms are included in the same regression.
There are a few technical issues here that could be skipped by readers interested primarily in the final results and their economic interpretation. First of all, our model is set up in such a way that structural change influences TFP growth. In the growth regressions based on MRW, however, the g parameter is an index of growth in labour-augmenting efficiency rather than in TFP, as we noted in section 3. The correction for this is straightforward: TFP growth is equal to g multiplied by one minus the production elasticities of physical and human capital. We follow MRW in using a value of 1/3 here, in order to rescale the coefficients in our own version of the MRW regressions.
We denote the rescaled coefficient estimate on MGROW T H as π. Our model then implies that π = (k − 1)φ. In order to calculate the implied k, we need an assumption about φ. This parameter should be close to the aggregate labor share if the agricultural sector accounts for the majority of employment and/or the intersectoral wage gap is not large. Therefore, we base our values for φ on the work of Gollin (2002) . After adjustments for self-employment and unincorporated enterprises, he argues that the aggregate labor share is broadly similar across countries, at about two thirds. With this in mind, we adopt two possible values for φ, namely 2/3 and 1/2. Note that the order of magnitude of the implied differential does not hinge on the assumption about φ. Table 9 presents the parameter values implied in the growth regressions of Tables 5-7 . The first row is based on a restricted model, where adjustment is assumed to be instantaneous and the disequilibrium term is omitted from the regression. The calculation can be illustrated with an example. In the case of the main sample with regional dummies, which is regression (14) in Table 5 , the model yields a coefficient estimate on MGROW T H of 75.64. Dividing by the number of years, given that the dependent variable in the MRW specification is DY rather than the average growth rate over 1960-96, and rescaling by one third results, because it determines the effects of structural change on TFP growth, and thereby influences the partial correlations observed in the data. In the remainder of this section, we will sometimes use the term 'wage differential' as a convenient shorthand, but our estimates are best seen as relating to the magnitude of the marginal product differential. yields π = 0.70. This implies a value of k = 2.05 for φ = 2/3. That is, the wage in non-agriculture is roughly double the agricultural wage. Across a wide range of possible estimates -based on the full sample of countries versus the developing country sample, Model 1 versus Model 2, OLS versus median regression, and φ = 2/3 versus φ = 1/2 -the implied marginal product differential lies between 2.04 and 4.34.
One limitation of this specification is that, within a given regression, the wage differential is assumed to be constant across countries. It is therefore interesting to explore the disequilibrium specification, based on regressions that assume a finite speed of adjustment but k = 1 (that is, no differential in equilibrium). The theoretical model implies that the coefficient on DISEQ is then equal to φ/ψ. The coefficient on DISEQ from regression (15) in Table 5 was 2.00. After the appropriate rescaling, this implies values for the speed of adjustment parameter ψ of 0.036 or 0.027, depending on the assumption about φ.
We can interpret this rate of adjustment as follows. In our main sample, the median propensity to migrate (p) is 0.0199. Using equation (2) this implies a current wage ratio w m /w a of 1.56. In this specification, however, the implicit wage ratio varies across countries. For the country at the 10th percentile of the p distribution, the implied wage ratio is 1.08, while it is 2.21 at the 90th percentile. Table 9 shows that, for a range of specifications, the wage differential at the 10th percentile ranges from 1.08 to 1.31, while in the 90th percentile country it ranges from 2.07 to 4.78. These results are promising in that they indicate low wage differentials in some countries (associated with a low propensity to migrate) while in some countries, the non-agricultural wage is between 2 and 5 times the agricultural wage.
The final part of Table 9 reports the implied parameter values for the unrestricted specification which includes both structural terms. Note that these effects are now imprecisely estimated. Based on the point estimates, the implied k ranges from 0.84 to 3.56, and the implied ψ values from 0.018 to 2.231. The implied wage ratios w m /w a range from 0.99-2.10 for the 10th percentile country to 3.57-4.89 for the 90th percentile country. Again, these values do not seem implausible.
We now consider the parameter estimates implied by the TFP growth regressions, and report the results in Table 10 . These results tell a similar story. Across a range of specifications, the implied equilibrium wage differential k lies between 1.95 and 4.21. For the disequilibrium model, the implied wage differential w m /w a ranges from 1.03-1.33 for the 10th percentile country to 1.39-5.30 for the 90th percentile country.
An alternative way to address this question is to use non-linear least squares to estimate the parameters directly. This is appealing for two reasons. First, we get a direct estimate of the standard error associated with each parameter. Second, with a non-linear specification, we can now relax the assumption that φ is constant across countries, and replace it with an assumption that the aggregate labor share η is constant across countries. This is done by substituting φ out of the regression equation, using the relationship between φ and η described in equation (15) in the Appendix. In the NLS regressions, we assume the aggregate labor share is 2/3.
In all the NLS estimates of the restricted models, reported in regressions (47)-(58) in Table 11 , the corresponding parameters k and ψ are each found to be statistically significant at conventional levels. The estimated wage ratio is 2.5 in the full sample (regression 47) and 2.4 in the sample of developing countries (regression 48). Using the disequilibrium model, the median wage differential is estimated to be 2.3 for the full sample using regression (53), and 1.8 in the developing country sample using regression (54). The differential ranges from 1.2 in the 10th percentile country to 3.7 in the 90th percentile country (and from 1.2 to 3.3 in the developing country sample). Thus, these NLS estimates yield values of the parameters that are in line with those reported above.
Estimating the TFP growth regressions by NLS yields somewhat larger estimates of the wage differentials, often too high to be plausible. These estimates use Klenow and Rodriguez-Clare's (1997) benchmark parameter choice for the share of raw labor in production, namely 0.42. Klenow and Rodriguez-Clare also report results for lower production elasticities of raw labor. If we revert to MRW's choice of one third, this reduces the implied wage differentials to more reasonable levels (regressions 51 and 52). In summary, a wide variety of specifications and estimation methods all combine to tell a fairly consistent and plausible story. The disequilibrium model implies that wage differentials are barely present in some economies (those where structural change is limited) while in other economies, there is strong evidence of wage differentials, of a similar order of magnitude to those found in microeconomic studies. The main drawback of our results is that they imply higher differentials in a subset of economies in the sample, sometimes too high to be plausible.
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A remaining concern, as ever with econometric investigations of structural change effects, is that the structural change variables are likely to be correlated with the error term. Given that structural change is an endogenous process, any shock to growth is likely to generate structural change to some degree, and as a result the structural change terms will be correlated with the shocks to growth. The magnitude of this effect is an open question.
[This section still to be finalised.]
Summary and conclusions
Current empirical growth models are often criticised for neglecting structural change. When there is a differential in the marginal product of labor across sectors, changes in employment structure will be an independent source of growth in aggregate TFP. To analyze this effect, this paper first presents an empirical framework based on a two sector model. The exercise reveals that a standard one sector model will only be a good approximation to the data under highly restrictive assumptions. The theoretical work shows precisely how TFP growth might be affected by structural change. To quantify this effect, we have estimated regressions with TFP growth as the dependent variable, and have also added structural change terms to otherwise standard growth regressions. Both approaches lead to essentially the same results: sizeable differentials, of an order of magnitude comparable to microeconomic evidence. There is some evidence of variation across countries, and signs that the differentials have become less pronounced over time. Moreover, structural change terms can explain around a fifth of the observed variation in TFP growth.
There are some important qualifications to these results. Given the possibility of simultaneity bias, and externalities to the growth of employment in the non-agricultural sector, the estimates are likely to provide only an upper bound on the magnitude of such differentials.
The frameworks developed here could be extended in several ways. In deriving the empirical models used above, we used the assumption that the propensity to migrate depends only on the current wage gap relative to its equilibrium level. It would not be difficult to generalize this assumption. For example, it seems plausible that the costs of migration will rise less quickly than income per head. Other things equal, this means that the rate of migration would increase with the level of development, something that in principle could be tested using a more flexible specification.
Finally, it would be interesting to consider alternative aspects of dualism. One obvious change to the work above would be to assume that agricultural labour receives its average product rather than its marginal product. More generally, it is clear that recent growth research has neglected the implications of two sector models. There are many opportunities for further work in this direction.
Appendix
This appendix derives an expression for output growth in the presence of a marginal product differential. Given the agricultural production function given in the main text, agricultural output growth is equal to:
Using (4), (5) and the definitions of factor shares, we can write this as:
Output growth in manufacturing is:
Hence we can write:
Now we can use our expression for the modern sector wage (2) to obtain:
So we can combine (12) and (13) to obtain an equation for growth:
We can simplify this further, as follows. We can define the aggregate labour share as:
Also note that we can write:
L L Using this relationship, and (15) together with (14) implies that aggregate growth equalṡ 
which is the equation in the main text. Notes. The underlying models correspond to regressions (14) and (15) 
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